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© Brush seals. 



© A brush seal assembly for use in a gas turbine, 
jet engine or the like where a shaft (27) which rotates 
at very high rates is to be sealed to a housing. The 
seal assemby has a plurality of brush seal elements 
(10) each of which comprises a generally arcuate 
base plate (11) and a plurality of bristles (12) projec- 
ting therefrom. Mounting means are provided on the 
engine housing to support all of the brush seal 
elements (10) in a substantially continuous end-to- 
end manner with the bristles of the seal elements 
arranged to form a substantially continuous brush 
seal wiping against the shaft. 
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BRUSH SEALS 



This invention relates to a seal assembly suit- 
able for effecting a seal between a shaft and a 
housing. In particular, this invention relates to a 
brush seal assembly for effecting a seal between a 
fixed housing and a shaft rotatable with respect to 
the housing, which brush seal assembly comprises 
an annular base plate, a plurality of seal bristles 
carried by said base plate for effecting a seal 
against the shaft, and mounting means provided on 
said housing and adapted to hold the base plate 
concentric with the shaft. 

In many machines, it is necessary for a seal to 
be effected between a housing and a shaft moun- 
ted for rotation with respect to the housing, for 
example to prevent the egress of lubricants out of 
the housing, or the ingress of foreign matter to 
bearings ' supporting the shaft. There have been 
innumerable designs for seals able to fulfil such 
functions, and the selection of an appropriate type 
of seal for a given set of operating conditions and 
circumstances does not normally present any great 
difficulty. However, a special problem arises in the 
case of a shaft which is intended to rotate at 
relatively high speeds, such as is encountered in 
gas turbines, jet engines and similar machines, to 
effect fluid (i.e. gas and/or liquid) seals either at the 
points where the shaft leaves the housing or be- 
tween separate compartments within the machine. 
Such shafts may rotate at speeds as high as 
100,000 rpm, and most conventional designs of 
seal are not suitable for use in these situations. 

The problems of sealing shafts which are in- 
tended to rotate at very high rotational rates has 
led to the development of so-called brush seals, 
where an annular carrier is provided with bristles 
which, in the completed seal where the carrier is 
mounted co-axial with the shaft, have their tips 
wiping against the circumferential surface of the 
shaft. The bristles of a brush seal typically are 
made from a metallic wire and the seal has to be 
manufactured to very close radial tolerances, in 
order that an effective seal may be obtained with- 
out also causing heavy wear on the shaft, as a 
consequence of the tips of the bristles wiping the 
shaft surface. Moreover, for the same reasons the 
seal must be finished to a high order of circularity 
and must be mounted precisely concentrically with 
the shaft. 

A brush seal equally may be designed for 
mounting on the shaft itself, with radially outwardly 
directed bristles to engage a suitable bore in the 
housing through which the shaft passes, but such 
seals are less commonly used in view of the dif- 
ficulties of satisfactorily mounting the seal on the 
shaft. Other possibilities include having the bristles 
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extending parallel to the shaft axis, with the tips of 
the bristles sealing against a radial surface defined 
either by a shoulder on the shaft in the case of a 
seal mounted on a housing, or against an end face 
of the housing in the case of a seal mounted on the 
shaft. 

As mentioned above, the known forms of brush 
seal are manufactured by providing an annular 
carrier on which are mounted the seal bristles, the 
seal then being machined to very close tolerances. 
When the seal is to be employed, it must be 
suitably mounted on the housing so as to surround 
the shaft and effect a seal thereagainst (for the 
usual seal configuration as described above) but 
this can be done only if there is access to the 
housing axially of the shaft, at the time the seal is 
to be fitted. The construction of certain engines 
therefore requires the seal to be fitted in place 
during assembly of the main components, rather 
than at the end of the assembly procedure. More- 
over, should it be necessary to change the seal 
during the life of. the machine, such axial access 
m.ay necessitate most considerable dismantling of 
the machine. These difficulties may make the initial 
assembly of the machine - such as a large gas 
turbine or jet engine for an aircraft - difficult, espe- 
cially if the shaft has to be assembled after the 
seal has been mounted on the housing which ac- 
tion itself may damage the seal. Also, if the seal is 
to be changed when the machine is in service, 
these difficulties may give rise to undesirably long 
service times. 

It is a principal object of the present invention 
to provide an improved form of brush seal assem- 
bly, which seal assembly substantially reduces the 
disadvantages discussed above of known forms of 
brush seal, especially when the seal is used in the 
construction of a gas turbine or similar machine 
employing a shaft which rotates at a very high rate. 

In accordance with the foregoing and other 
objects, a brush seal assembly of this invention is 
characterised by the base plate being formed as a 
plurality of separate brush seal elements and by 
the mounting means being adapted to hold all of 
the brush seal elements in a continuous end-to-end 
relationship, with the bristles of each brush seal 
element arranged to form a substantially continu- 
ous brush seal. 

It will be appreciated that when a brush seal is 
to be formed between a housing and a shaft rotat- 
able with respect thereto using a seal assembly of 
this invention, each separate brush seal element 
may individually be assembled to the housing so 
that the complete annular brush seal is built up in 
situ around the shaft, rather than being formed 
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remotely from the machine and then mounted 
thereon. This allows a much improved ease of 
assembly and moreover often may permit a much 
simplified seal-changing operation, for it may not 
be necessary to perform considerable dismantling 
of the machine - for example, depending upon the 
machine design, it may not be necessary to re- 
move the shaft from the housing when changing 
seals. A further advantage is that should one ele- 
ment of the overall seal assembly become damag- 
ed or excessively worn, that seal element may 
selectively be replaced, without the need to replace 
the other seal elements at the same time. 

In a brush seal assembly of this invention it is 
greatly preferred for the ends of each seal element 
to be complementarily formed, whereby one end of 
a first seal element may closely interengage the 
other end of the next seal element making up the 
complete brush seal assembly. For example, in the 
case of a brush seal assembly which defines a 
circular brush seal, each seal element may be of 
arcuate form with the end face of each arcuate seal 
element machined at some pre-determined angle 
to the radial direction, whereby the end faces may 
closely interengage. In one embodiment, each end 
face of each seal element may be machined at an 
angle of substantially 45* to the radial direction. 

Each brush seal element may be provided with 
means to hold the bristles thereof in the required 
disposition until such time as the brush seal ele- 
ment is assembled to the housing with the other, 
brush seal elements making up the complete brush 
seal. Such means may comprise a plate suitably 
welded, brazed or otherwise secured in position 
across the end of the brush seal element, to ensure 
the bristles of the element maintain their required^ 
disposition. An alternative would be to fuse the 
carrier ends of the bristles together, at each end of 
the seal element, for instance by soldering, brazing 
or by some other suitable non-metallic medium, 
depending upon the nature of the bristles them- 
selves. 

The mounting means provided on the housing 
preferably includes a pair of faces against which 
each brush seal element is engaged, to maintain 
each brush seal element in the required position 
both in the radial and axial directions. Once so 
located, each brush seal may be retained in the 
required position by any conventional means em- 
ployed for similar purposes - that is. in retaining a 
seal in a housing. For example, a portion of the 
housing may include a lip which may locally be 
deformed to hold each seal element, or which may 
continuously be deformed around the entire seal, 
again to hold each element. Alternatively, a sepa- 
rate clamp ring may be employed, held in place for 
example by means of screw-threaded fasteners, 
rivets, or spot, seam or similar welds. Yet another 



possibility would be to retain the seal elements In 
position by means of a suitable spring retaining 
ring such as a circlip, itself received in a groove 
formed in the housing. 

s For the case of a seal assembly where the 

individual seal elements are held in place by 
means of a separate ring, it is preferred for there to 
be a mechanical interengagement between that 
separate ring and the seal elements. Preferably, 

70 the ring includes a projecting rib which is en- 
gageable in a groove formed in each seal element, 
such that a continuous annular groove is defined 
by all of the assembled seal elements. Conversely, 
a rib could be formed on each seal element, en- 

is gageable in a groove in the clamp ring, or even in 
the housing. 

In order to enhance the sealing effect obtain- 
able by a brush seal assembly of the present 
invention, the seal assembly may include brush 

20 seal elements located axially side-by-side, in which 
case means should be provided to interconnect the 
individual seal elements of the axially adjacent 
brush seals. Again, use may be made of interen- 
gaging ribs and grooves, formed respectively on 

25 abutting faces of the individual seal elements. For a 
brush seal constructed in this way, it is preferred 
for the abutting ends of the brush seal elements to 
be staggered circumferentially • whereby an ade- 
quate seal may be obtained at the abutting faces 

30 between adjacent seal elements in the same radial 
plane. 

The sealing effect provided by the brush seal 
assembly of this invention may be enhanced by 
utilising seal bristles of differing diameters, around 

35 the length of the seal assembly. For example, 
bristles of one diameter may be employed over the 
greater part of each seal element, and bristles of a 
different diameter (typically smaller) at each end of 
each seal element, to facilitate co-operation be- 

40 tween the bristles of adjacent seal elements. Alter- 
natively, the bristle diameters may be mixed over 
the entire length of each seal element, and so over 
the entire circumferential length of the assembled 
brush seal. A further possibility is to employ bris- 

45 ties of a non-uniform cross-sectional .shape, such 
as oval, or elliptical, or bristles of different materi- 
als. These aspects may assist the sealing effect 
where the bristles contact a part of the shaft which 
is not truly cylindrical - for instance, a shoulder of 

so part-spherical shape. 

In order that the invention .may better be under- 
stood, certain specific embodiments of seal assem- 
blies arranged in accordance with this invention will 
now be described, with reference to the accom- 

55 panying drawings. In the drawings:- 

Figure 1 is a partial view of three seal ele- 
ments of this invention, assembled together; 
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Figure 2 is an axial view of an alternative 
form of seal element; 

Figures 3A, 3B and 3C diagrammatical ly il- • 
lustrate a seal effected by a seal assembly of this 
invention, on a shaft; 

Figures 4A and 4B are detailed views show- 
ing the end portions of two seal elements of this 
invention; 

Figures 5A to 5G show seven different 
mounting means for securing seal elements to a 
housing, in accordance with this invention; and 

Figure 6 is a sectional view through a further 
seal assembly of this invention, with the shaft omit- 
ted for clarity. 

Referring initially to Figure 1 . there is shown in 
part a seal assembly of this invention, as assem- 
bled from a plurality of brush seal elements 10. 
each of arcuate form. Each brush seal element 10 
comprises an annular carrier 11 on which is moun- 
ted a plurality of bristles 12 adapted to effect a seal 
to a shaft (not shown) when the seal elements are 
assembled to a housing. The bristles 12 lie at a 
fixed angle to the radial direction, determined from 
a consideration of the operating conditions for the 
seal. The end planes of each seal element are 
machined to the same angle with respect to the 
radial direction as are the bristles mounted on the 
carrier 11, so that the brush seal elements 10 may 
closely be assembled together and the bristles 12 
may form a substantially continuous annulus. 

The bristles themselves may be made of any 
suitable material, having regard to the service con- 
ditions for the seal. The bristles may be metallic or 
non-metallic, and may include a mixture of different 
bristle diameters, in order to give the optimum 
sealing and stiffness properties to the overall seal, 
when completed. 

Figure 2 shows an alternative form of seal 
element 13. Here, the carrier 14 is linear, and again 
carries bristles 15 disposed at a fixed angle to the 
length of the carrier. Such a seal element may be . 
employed when a seal is to be effected against a 
radial face 16 defined by a shoulder 17 on a shaft, 
as illustrated in Figure 3B, rather than on a cylin- 
drical surface- 18 of a shaft 19, as illustrated in 
Figure 3A. For a seal such as is shown in Figure 
3A. a seal assembly as depicted in Figure 1 would 
be employed. 

Figure 3C shows an alternative arrangement, 
where the brush seal 20 is set at an angle to the 
radial plane of the shaft 21, but the seal still is 
effected to the cylindrical shaft surface. 

In order to retain the bristles, properly in their 
required position at the end of each seal element, 
prior to the seal elements being assembled to- 
gether, it may be necessary to contain the bristles 
for example by securing a plate 22 in position 
across the end of the seal element 10. as illus- 



trated in Figure 4A. The plate may be welded or 
brazed in position, depending upon the materials 
from which the seal element is made. Alternatively, 
as illustrated in Figure 4B, the bristles may be 
5 fused together by a soldering or brazing operation, 
or by a suitable non-metallic medium, again de- 
pending upon the nature of the bristles. 

The housing should appropriately be config- 
ured to hold all of the brush seal elements in the 
70 required disposition and Figures 5A to 5G show 
seven examples of housing configurations suitable 
for holding brush seal elements essentially as illus- 
trated in Figure 1. In the configuration of Figure 5A, 
the housing 25 includes a first leg 26 extending in 
75 a generally radial plane with respect to the shaft 
27, and a second limb 28 defining a cylindrical 
surface co-axial with the shaft 27. The free edge 29 
of the limb 28 is suitably formed so that the edge 
may be rolled over to engage a lip 30 formed on 
20 the seal elements, such that those seal elements 
are held closely against the surfaces defined by 
limbs 26, and 28. 

The arrangement of Figure 5B is similar that of 
Figure 5A. except that free edge of limb 28 here is 
25 deformed only locally at 31 to engage the seal 
elements, there being at least one such local de- 
formation for each seal element. 

In the arrangements of Figures 5C. 5D and 5E, 
separate clamp rings are provided to engage the 
30 seal elements and hold those elements in the re- 
quired • positions against limbs 26 and 28 of the 
housing 25. In the arrangement of Figure 5C, the 
ring 32 is held in place by rivets 33, in Figure 5D 
by means of spot or seam welds 34, and In Figure 
35 5E by means of tack or continuous welds 35. In 
each of these arrangements, the seal elements 
include a groove formed in radial face 36, which 
groove is engaged by a rib 37, provided on the 
separate clamp ring. 
40 The arrangement of Figure 5F employs an 

annular cover plate 38 attached to the housing 39 
by means of screw-threaded fasteners 40, the cov- 
er plate including a flange 41 which serves to hold 
the seal elements closely against limbs 26 and 28 
45 of the housing. 

The use of a suitable spring retaining ring or 
circlip 42 is illustrated in Figure 5G, this ring 42 
being engaged in a groove 43 formed in an exten- 
sion of limb 28 of the housing. In this configuration, 
so limb 26 is provided with an annular rib 44 which rib 
is engaged with correspondingly-formed grooves in 
each seal element, so as to retain the seal ele- 
ments in the required position within the housing. 
Figure 6 shows a cross-section through an 
55 alternative form of seal assembly of this invention, 
where two radially parallel rows of brush seals are 
provided, to seal against a shaft. The seal is con- 
structed from two sets of essentially similar seal 
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elements 50, these seal elements being retained in 
a side-by-side disposition to a housing 51 by 
means of a clamp ring 52. The housing 51 includes 
a tongue 53 which engages an annular groove 
formed in one set of the brush seal elements, and 
a plurality of loose segmental keys 54 is provided 
to lock together the two sets of brush seal ele- 
ments, the keys being engaged in corresponding 
grooves formed in the mating faces of the brush 
seal elements of the two sets. The clamp ring 52 is 
held to the housing 51 by means of screw-threaded 
fasteners 55 and serves to hold all of the brush 
seal elements of in the required disposition. In this 
arrangement, the joins between adjacent brush seal 
elements of one set should be staggered with 
respect to the joins between the elements of the 
other set, so as to optimise the sealing characteris- 
tics. 

It will be apparent to those skilled in the art that 
various changes and modifications may be made to 
the embodiments described above whilst still falling 
within the spirit and scope of the present invention. 



Claims 

1 . A brush seal assembly for effecting a seal 
between a fixed housing and a shaft rotatable with 
respect to the housing, which brush seal assembly 
comprises an annular base plate, a plurality of seal 
bristles carried by said base plate for effecting a 
seal against the shaft, and mounting means pro- 
vided on said housing and adapted to hold the 
base plate concentric with the shaft, characterised 
in that the base plate is formed as a plurality of 
separate brush seal elements (10) and in that the 
mounting means is adapted to hold all of the brush 
seal elements (10) in a continuous end-to-end rela- 
tionship with the bristles (12) of each said brush 
seal element arranged to form a substantially con- 
tinuous brush seal. 

2. A brush seal assembly according to claim 1 , 
characterised in that the ends of each brush seal 
element are complementarily formed (Figure 1), 
whereby one end of a first element (10) may close- 
ly interengage the other end of the next adjacent 
element (10). 

3. A brush seal assembly according to claim 2, 
further characterised in that each end face of each 
brush seal element is machined at an angle of 
substantially 45 * to the radial direction. 

4. A brush seal assembly according to any of 
the preceding claims, characterised in that each 
said brush seal element (10) is provided with 
means to hold the bristles thereof in the required 
disposition until such time as the brush seal ele- 



ment is assembled to the housing with the other 
said brush seal elements making up the complete 
brush seal. 

5. A brush seal assembly according to any of 
5 the preceding claims, characterised in that said 

mounting means (25) includes a pair of faces 
(26,28) against which each brush seal element is 
engaged to maintain each said brush seal element 
in the required position both in the radial and axial 
to directions. 

6. A brush seal assembly according to claim 5. 
further characterised in that the mounting means 
includes a separate ring (Figures 5C to 5G) which 
serves to hold said seal elements in place, the 

75 separate ring being formed to provide a mechani- 
cal interlocking interengagement with said seal ele- 
ments. 

7. A brush seal assembly according to claim 6, 
further characterised in that a projecting rib (Figure 

20 5F) is formed in one of the ring and the assembled 
seal elements, which rib is engageable in the other 
of said ring and said assembled seal elements. 

, 8. A composite brush seal assembly for effec- 
ting a seal between a fixed housing and a shaft 

25 rotatable with respect to the housing, which com- 
posite brush seal assembly comprises an annular 
base plate, a plurality of seal bristles carried by 
said base plate for effecting a seal against the 
shaft, and mounting means provided on said hous- 

30 ing adapted to hold the base plate concentric with 
said shaft, characterised in that the base plate is 
fbrmed as a plurality of separate seal elements (50) 
arranged in two series disposed axially side-by- 
side, and in that the mounting means (50) is adapt- 

35 ed to hold the seal elements of each series in a 
continuous end-to-end relationship with the bristles 
of each brush seal element in each series arranged 
to form a substantially continuous brush seal. 

9. A composite brush seal assembly according 

40 to claim 8. further characterised in that the abutting 
ends of the brush seal elements of one series are 
staggered circumferentially with respect to the 
abutting ends of the brush seal elements of the 
other series. 

45 10. A brush seal assembly according to any of 

preceding claims, characterised in that the bristles 
(12) of each seal element (10) are of more than 
one diameter. 

1 1 . A brush seal assembly according to any of 

so the preceding claims, characterised in that the bris- 
tles (12) of each seal element (10) are of non- 
circular cross-sectional shapes. 
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